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Abstract 
Vapor-liquid equilibrium data of hexamethyl disiloxane + sec-butyl acetate system at 101.3kPa was measured by 
using double circulating vapor-liquid equilibrium still. The thermodynamic consistency of the VLE data was 
examined by Herrington method. Experimental data was correlated by NRTL and UNIQUAC parameter models. 
Both of the models satisfactorily correlated with the VLE data. The result showed that the UNIQUAC model was the 
most suitable one to represent experimental data satisfactorily. The UNIQUAC standard deviation in temperature and 
in vapor phase composition were 0.3338, and 0.0114, respectively. 
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1. Introduction 
Nowadays along with the rapid development of pharmaceutical intermediates industry, distillation can 
be used in separating of hexamethyl disiloxane + ester mixture. Vapor–liquid equilibrium data always 
need to be added gradually so as to meet the needs of distillation. Up to now, there is few VLE data for 
those systems. In this work, isobaric VLE data for hexamethyl disiloxane (1) + sec-butyl acetate (2) 
system were investigated at 101.3 kPa. The results of the binary system were texted for thermodynamic 
consistency by Herington method. Meanwhile, the NRTL, [1, 2] UNIQUAC [3] equations were applied to 
fit with experimental data. 
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2. Experimental 
Nomenclature 
VLE     vapor-liquid equilibrium 
NRTL    nonrandom two-liquid 
UNIQUAC   universal quasichemical activity coefficient 
HMDSO   hexamethyl disiloxane 
SBAC    Sec-butyl acetate 
MW     molecular weight, g•mol-1 
Tb        normal boiling point, K 
Tc        critical temperature, K 
Pc        critical pressure, MPa 
xi         mole fraction of component i in the liquid phase;  
yi         mole fraction of component i in the vapor phase. 
T         temperature, K 
γi         activity coefficients of the component i 
P         total pressure, MPa 
Pis        vapor pressure of pure component i, MPa 
N         the number of the data 
σ         standard deviation of the measured variables 
AD        average deviation  
MD       maximum deviation 
2.1. Chemicals. 
Hexamethyl disiloxane (AR), supplied by Shanghai Nuotai Chemical Factory in China, was further 
purified by distilling. Sec-butyl acetate (AR) was supplied by Tianjin Reagent Factory in China. 
All the chemicals had been analyzed by gas chromatography (GC) and no detectable impurity was 
observed. The properties of the experimental materials were shown in Table 1. 
Table 1 physical properties of the pure components 
property HMDSO (1) SBAC (2) 
formula C6H18Si2O C6H12O2 
MW [g.mol-1] 162.38 116.16 
Tb [K] 373.67 385.15 
Tc [K] 518.70 561.00 
Pc [MPa] 1.914 3.170 
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2.2 Apparatus and Procedure.  
The double circulating still of modified Othmer type [4] was used to measure VLE data. The diagram 
for the still was showed in Fig. 1. It took approximately 2 h to reach the stabilization of the system in 
study. 
About 45 mL of the mixture of known composition obtained by weight using a balance with a 
resolution of 10-4 g was put into the still. The equilibrium temperature was measure by a digital 
thermometer with an error of less than 0.3 K.  
 
Fig. 1 double circulating still 
2.3. Sample analysis.
To determine the liquid and vapor samples, gas chromatography (GC3420A, Bei Fen Co.) was used 
with a 30 m long capillary column (HJ-OV-1701, 0.32 mm in diameter and 0.5 μm film thickness) and a 
hydrogen flame ionization detector (FID).The column, injector, detector temperatures were 393.15 K, 
453.15 K and 453.15 K, respectively. The carrier gas was nitrogen at a constant flow rate of 30 mL/min. 
Hydrogen and compressed air were used at a constant flow rate of 30 and 300 mL/min, respectively. The 
injected sample was 0.4 μL. Each sample was analyzed at least thrice to ensure accuracy with an error 
within ±0.005. Then, the data was calibrated by series of standard mixtures which are prepared increase 5 
percent gravimetrically. 
3. Results and discussion 
3.1. Experimental data. 
The VLE data for the binary systems of hexamethyl disiloxane (1) + sec-butyl acetate (2) was 
measured at 101.3 kPa and showed in Table 2. 
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Table 2 VLE data of HMDSO (1) + SBAC (2) at 101.3kPa. 
T [K] x1 x2 y1 y2 
384.97 0.0172 0.9828 0.0318 0.9682 
384.27 0.0329 0.9671 0.0643 0.9357 
383.30 0.0722 0.9278 0.1366 0.8634 
382.21 0.1192 0.8808 0.1921 0.8079 
381.27 0.1408 0.8592 0.2233 0.7767 
380.35 0.1729 0.8271 0.2839 0.7161 
379.56 0.2202 0.7798 0.3396 0.6604 
378.83 0.2755 0.7245 0.3693 0.6307 
378.07 0.3156 0.6844 0.4350 0.5650 
377.50 0.3956 0.6044 0.4703 0.5297 
376.93 0.4284 0.5716 0.5273 0.4727 
376.40 0.4653 0.5347 0.5589 0.4411 
375.84 0.5104 0.4896 0.5997 0.4003 
375.37 0.5572 0.4428 0.6254 0.3746 
374.97 0.6064 0.3936 0.6717 0.3283 
374.65 0.6649 0.3351 0.7259 0.2741 
374.27 0.7290 0.2710 0.7663 0.2337 
374.15 0.7916 0.2084 0.8110 0.1890 
373.90 0.8585 0.1415 0.8575 0.1425 
373.80 0.9268 0.0732 0.9265 0.0735 
373.70 0.9680 0.0320 0.9814 0.0186 
 
3.2. Thermodynamic consistency test. 
Since the equilibrium pressures were sufficiently low in the investigated system, the vapor phase could 
be considered as the ideal gas. The activity coefficients equation was simplified to 
 
s
iiii PxPy /=γ                                                                                                                                   (1) 
The vapor pressure of pure component was calculated by Antoine equation as follows: 
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i
i
ii TCTCTCCT
CCp 7654
3
2
1 lnln +++++=    ii CC 98 ≤                                             (2) 
Where C (1-7) i were component specific coefficients, C (8-9) i were scopes of application temperatures.  
Table 3 Antoine equation parameters 
 HMDSO SBAC 
Temperature units K K 
Pressure units MPa MPa 
C1 37.1135 38.7855 
C2 -5597 -6098 
C3 0 0 
C4 0 0 
C5 -4.1262 -4.2398 
C6 6.3815E-18 2.1506E-18 
C7 6 6 
C8 199.75 174.15 
C9 532 561 
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The thermodynamic consistency of VLE data for the system was tested by Herington method. 
According to this method, D was 11.12，J was 4.66, and the check result D-J was 6.46 which was less 
than 10. Therefore, the VLE data passed the Herington test. [5] 
3.3. Correlation of the system.  
For the binary system, the NRTL (α=0.3) [6, 7], and UNIQUAC equations were used to calculating the 
VLE data. Model parameters were obtained using the minimization of the objective function as followed: 
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Where N was the number of the data; σ  was the standard deviation of the measured variables. In the 
calculations, the values of σ  were set to 0.2 K for temperature, 0.005 for vapor phase composition. 
The results of the calculated values of the equations binary parameters were shown in Table 4. 
Table 4 binary interaction parameters of NRTL, UNIQUAC models 
 NRTL UNIQUAC 
 τij=Bij/T τij=exp(Bij/T) 
B12 -163.2042 26.3456 
B21 340.2198 -55.3298 
△TAD 0.066 0.062 
△TMD -0.572 -0.568 
σT 0.3446 0.3338 
   
△yAD -3.44E-3 -3.34E-3 
△yMD -0.0201 -0.0202 
σY 0.01153 0.01140 
 
From the Table 4, the UNIQUAC average deviations and standard deviation in temperature and vapor 
phase composition were better than others. Fig. 2 compares the UNIQUAC values with the experimental 
T-x-y data.  
4. Conclusion 
Vapor-liquid equilibrium data for hexamethyl disiloxane + sec-butyl acetate system at 101.3kPa was 
measured by using double circulating vapor-liquid equilibrium still. NRTL, UNIQUAC model parameters 
were obtained with satisfactory correlation. The UNIQUAC model was better than NRTL model. The 
UNIQUAC standard deviation in temperature and in vapor phase composition were 0.3338, 0.0114, 
respectively. Those data will be useful to distillation in organic chemical industry and pharmaceutical 
chemicals. 
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Fig. 2 T-x-y diagram for HMDSO (1) + SBAC (2) 
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